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ABSTRACT 

We present 450 and 850 /im maps of R Coronae Australis. We compare the maps to 
previous surveys of the region, and shed new light on the previously unknown nature 
of the protostellar sources at the centre of the cloud. We clarify the nature of two 
millimetre sources previously discovered in lower resolution data. We identify one new 
Class protostar that we label SMM IB, and we measure the envelope masses of a 
number of more evolved protostars. We identify two new prestellar cores that we call 
SMM lA and SMM 6. 
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1 INTRODUCTION 

The earliest stages of stellar evolution for low-mass 
stars (0.2-2Mo) are becominK reasonab ly clear (see e.g. 
lAndre. Ward- Thom pson, fc Barsonv"2000 for a review) . The 
prestellar core stage ( Ward-Thomoson ot al. 1994) repre- 
sents the phase in which a gravitationally bound molecular 
cloud core has formed. Thereafter gravitational collapse sets 
in (possibly mediated by turbulence or magnetic fields) and 
a central hydrostatic protostar forms, which together with 
its a ccreting disk and envelope, is known as a Cl ass proto- 
star iAndre. Ward- Thompson, fc Barsonv^ll993^ . Once half 
of the mass has accrete d onto the central ob.ject it is k nown 
as a Class I protostar dWilking. Lada. fc YoundllOSSfl . and 
it subsequently evolves through the Class II fc III young stel- 
lar object (YSO) phases (Lada 1987,). To date only about 
40 Class prot ostars are known , and a similar number of 
prestellar cores (jKirkerailioO^. Debate continues over the 
details of the evolutionary process, and submillimetre stud- 
ies of more star-forming regions are required to help clarify 
the exact manner in which star formation proceeds. 

The R Cor onae Australis dark c loud is found at a dis- 
tance of 170 pc iKnude fc Hoalll998l) and is one of the clos- 
est star-forming regions to the sun. The cloud is centred 
on the Herbig Ae/Be stars RCrA and TCrA, which are 
the illumination sources of a bright reflection nebula (NGC 
6729), and from which the region takes its name. There 
are also a number of other bright young stars in the re- 
gion (e.g. Vrba, Strom. & Strom 1976). The cloud was pre- 
viously believed to have an unusually low star-forming ef- 
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ficiency JVrba. Strom, fc StromllTgTl | Marraco fc RvdererJ 
1981). The discovery of a cluster of young stars termed 
the Coronet iTavlor fc Storevll984l) close to RCrA, changed 
this view. The cloud is now known to be actively form- 
ing stars, and contains a number o f embedded object s 
revealed through radio jBrownl IT987t ISuters et all [1996 



2003 



and millimetre wavelength observations JChini et alJ 
IChoi fc Tatema tsu'2004Y 

There are a small number of nearby star-forming regions 
that we can study with good spatial resolution. If we are to 
understand the process of star formation, it is important 
that we characterise the similarities and differences between 
these regions. The RCrA cloud is particularly interesting, 
as it is not a member of the Gould belt. Its formation is 
therefore potentially dominated by different physics than in 
the majority of other nearby clouds, which have formed as 
part of the Gould belt. 

In this paper, we report on submillimetre observations 
of the RCrA molecular cloud. The observations are com- 
pared to those taken at other wavelengths, in an endeavour 
to understand the protostellar and prestellar population of 
the cloud. 



2 OBSERVATIONS 

The observations were carried out using the Submillime- 
tre Common User Bolometer Array (SCUBA) on the James 
Clerk MaxweU Telescope (JCMT). This instrument aUows 
observations at 450 and 850 //m simultaneously through the 
use of a dichroic beam-splitter. The telescope has a resolu- 
tion of 8 arcsec at 450 /im and 14 arcsec at 850 /^m. 
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Table 1. The positions of each of the maps made of the RCrA molecular cloud. The atmospheric conditions for each observation are 
indicated by the 225 GHz optical depth in column 7. The Icr noise level measured in each region is given in columns 8 and 9. 



Map centre Mean la noise level 

Region Map Map Size RA Dec. (Jy/beam) 

Name Type (arcmin) (2000) (2000) UT Date T225GHZ ~8507tm 450 /xm 
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Observations of the RCrA cloud were carried out on the 
nights of 2000 April 9-12 between 01:30 and 09:30 HST, 
using both scan-map and jiggle-map observing modes. In a 
jiggle-map, a 64-position jiggle pattern is used to Nyquist 
sample the 450 and 850 /im arrays, producing a map of 
diameter 2.3 arcmin. A scan-map is made by scanning the 
array across the sky. The scan direction is 15.5° from the 
axis of the array in order to achieve Nyquist sampling. The 
array is rastered across the sky to build up a map several 
arcminutes in extent. 

The cloud was scan-mapped in three sections, which we 
have labelled RCrA-A, B and C. In addition, jiggle-map ob- 
servations were carried out of all of the sources that were 
detected in the scan-maps. The jiggle-maps have a larger 
integration time at each position and hence have better sig- 
nal to noise. This allowed for significant detections of most 
sources at 450 /xm. The observation details are summarised 
in Tabled The scan-map areas are cho sen to roughly trac e 
the lowest contour of C^*0 measured bv lHariu et al.ril993l) . 

Time-dependent variations in the sky emission were re- 
moved by chopping the secondary mirror at 7.8 Hz. For the 
jiggle-maps, a chop throw of 150 arcsec in azimuth was used. 
The scan-maps are too large for the chop position to be 
outside of the map, and still successfully remove sky vari- 
ations. A chop throw much smaller than the map size is 
used. Each source in the map therefore appears as a posi- 
tive and a negative source. The region is mapped six times, 
with chop throws of 30, 44 and 68 arcsec in both RA and 
Dec (Emerson 199^. The dual-beam function is removed 
from each map in Fourier space by dividing each map by 
the Fourier transform of the dual-beam function, which is a 
sinusoid. The multiple chop-throws allow for cleaner removal 
of the dual beam function in Fourier space. The maps are 
them combined, weighting each map to minimise the noise 
introduced at the spatial frequencies that correspond to ze- 
roes in the sinusoids. Finally the map is converted back into 
normal space, and no long er contains the negative sources 
Jjenness fc Lightfootilioooli . 



The submillimetre zenith opacity at 450 and 850 ^im 
was determined using the 'skydip' method and by compari- 
son with polynomial fit s to the 1.3 mm sky opacity {t225GHz) 
jArchibald et alJ2002^ measured at the Caltech Submillime- 
ter Observatory. The average 850 ^m zenith optical depth 
was 0.27, corresponding to a mean zenith transmission of 
~ 75%. The average 450 /im optical depth was 1.44, cor- 
responding to a zenith transmission of ~ 25%. The tele- 
scope pointing was checked at regular intervals throughout 
the nights using planets, secondary calibrators and standard 
pointing sources. 

The data were reduced in the normal way using 
the SCUBA User Reduction Facility jjenness fc LightfootJ 
2000) . Calibration was performed using observations of the 
planet Uranus taken during each shift. We estimate that 
the absolute calibration uncertainty is ±10% at 850 /^m and 
±30% at 450/im, based on the consistency and reproducibil- 
ity of the calibration. 



3 RESULTS 

Figure shows the scan-map data for the RCrA region at 
850 fim. The area covered is approximately 0.15 deg^, which 
at a distance of 170 pc is equal to ~ 1.4 pc^. The RCrA-A, 
B and C scan- map boundaries are marked on Figure Q The 
positions of the jiggle-maps are listed in Table 1. The la 
noise level in each of these maps is also given in Table 

A number of features can be seen in the region, some 
of which are reasonably low level and extended whilst oth- 
ers are more point-like. We detect nine roughly point-like 
sources (although one source is subsequently seen to con- 
tain three components - see below). We number the sources 
in order of increasing distance from the brightest part of 
RCrA. The positions of the sources are listed in Table H 

We have labelled the brightest feature in the submil- 
limetre SMM 1. The jiggle-maps (RCrA-AlA) of this source 
at 450 and 850 /im are shown in Figure |21 When examined 



The prestellar and protostellar population of R Coronae Australis 3 



T — \ — i — I — 1 — I — I — \ — I — [ — \ — I — I — ] — I — I — 1 — I — I — 1 — I — I — I — I — i — I — I — I — \ — I — I — \ — I — I — i — I — I — \ — r 




Right Ascension (2000) 

Figure 1. The RCrA region seen at 850 iim. The contour levels are at 5cr, lOcr, 20(t, 40(t and 60(t, where a is the mean noise level over 
the whole region, equal to 0.035 Jy/beam. The boundaries of the scan-maps are shown as dotted lines. The identi fied cores SMM 1- 9 
are marked on the map. The outermost bold contour delineates the 1 Kkms~^ contour from the C^*0 ( J = 1 — 0) of lHariu et al.l ll993l) . 



Table 2. The position and measured flux density of each core in the RCrA maps at 450 and 850 fim. The name{s) of the jiggle-map(s) 
covering each source is given in column 4. Column 5 indicates whether or not the core is extended in the 8-arcsec 450-/im JCMT beam. 
The peak flux density in Jy/beam is quoted in columns 7 and 9. In addition the integrated flux density within an aperture is given for 
extended sources (columns 8 & 10). The aperture size used is given in column 6. SMM IB & IC are unresolved in the raw 850 fim data. 
*The flux density from the extended sources SMM 4 & 6 are given in columns 8 & 10 in units of Jy/24-arcsec beam for comparison with 
1.2mm data at that resolution (see text for details). 



Aperture 850 fim 450 fj.m 



Source 


RA 


Dec. 


Jiggle- map 


Extended 


Diam 


Peak 


Int. 


Peak 


Int. 


Name 


(2000) 


(2000) 


Name 




(arcsec) 


(Jy/beam) 


(Jy) 


(Jy/beam) 


(Jy) 


SMM lA 


19:01:55.6 


-36:57:43 


AlA 


Y 


47 X 25 


2.9 


8.1 


26 


120 


SMM IB 


19:01:56.3 


-36:57:30 


AlA 


Y 


18 X 17 


3.1 


5.4 


22 


50 


SMM IC 


19:01:55.4 


-36:57:20 


AlA 


Y 


16 X 16 


< 2.6 


5.6 


16 


45 


SMM 2 


19:01:58.8 


-36:57:07 


AlA 


N 




1.5 




10 




SMM 3 


19:01:51.1 


-36:58:04 


AlA 


N 




1.5 




9 




SMM 4 


19:01:49.0 


-36:57:11 


AIA/AIC 


Y 


24 X 24* 


0.8 


1.8 




12 


SMM 5 


19:01:41.9 


-36:58:27 


AID 


N 




2.0 




12 




SMM 6 


19:01:46.4 


-36:55:30 


AIB/AIC 


Y 


24 X 24* 


0.9 


2.0 




9 


SMM 7 


19:01:09.1 


-36:57:19 


AlE 


N 




0.7 




3 




SMM 8 


19:02:58.9 


-37:07:37 


BIA/BIB 


N 




1.1 




9 




SMM 9 


19:03:06.9 


-37:12:50 


B2A 


N 




1.5 




12 
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Figure 2. The RCrA-AlA jiggle-map, showing a close-up view of SMM 1 at (a) 850 fira and (c) 450 ^m. The components of SMM 1 
and other nearby sources are indicated. The results of the Gaussian composite fitting of SMM 1 & 2 to the 850 and 450 fim maps are 
shown in (b) and (d) respectively. 



closely, SMM 1 can be seen to break up into three distinct 
components, which we have labelled SMM lA, IB and IC. 

SMM 1 is surrounded by a number of other sources 
(SMM 2,3 & 5). A filament extends to the north-west, con- 
taining two extended flux density peaks, which we label 
SMM 4 & 6. SMM 7 lies to the west of the main clump. 
To the east of the main clump is an area of increased flux 
density, though no point sources are detected within it. 

The RCrA-B and RCrA-C regions show much less struc- 
ture. RCrA-B contains two unresolved sources, which we 
label SMM 8 & 9. The only structure in RCrA-C is an 
area of increased flux density containing no signiflcant point 
sources. All sources are detected at 450 /im, with the excep- 
tion of SMM 4 & 6. 

Table |5|gives the measured flux density for each object. 
The peak flux density is given in Jy/beam. SMM 4 and 6 
are not detected at 450 fim without smoothing the data. 
For this reason, and for comparison with SIMBA data at 
a resolution of 24 arcsec (see Section [4.21 . the flux density 
from these objects is quoted in columns 8 & 10 of Table |5| 
in units of Jy/24-arcsec beam at both 450 and 850 nm. At 



this resolution, the noise levels at 850 /im and 450 fim are 
0.030 Jy/beam and 0.54 Jy/beam respectively. 

SMM lA, IB and IC have a degree of overlap on the 
plane of the sky, therefore there will be some flux density 
contamination in each aperture from the other two objects. 
To account for this, the flux densities of SMM lA, IB, IC 
and the adjacent source SMM 2 were modelled as a co llec- 
tion of Gaussians. The Gauflt routine llGrev et al .''2000l was 
used, which fits a number of 2-D Gaussians to an image. The 
dimensions and positions of the Gaussians were left as free 
parameters. The 450 and 850 /im data were fitted indepen- 
dently. The results of the fitting are shown in Figure |5Jb) 
and (d), and listed in Table 13 The parameters of each fit 
were used to calculate the integrated flux density for each 
source, and these are also listed in Table |21 

When the integrated flux density calculated in this way 
is compared to the directly measured value (see Table |5J, it 
is clear that the measured flux densities for SMM IB and 
IC are increased as a result of the nearby extended source 
SMM lA. SMM IB receives a larger contribution as a result 
of being closer to SMM lA on the plane of the sky. The 
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Table 3. The parameters of the Gaussian fitting for the three 
components of SMM 1 and for SMM 2. 



Source 


FWHMa 


FWHMb 


Integrated fiux 


Name 


(arcsec) 


(arcsec) 


density (Jy) 


450 /im 


SMM lA 


47.4 


23.6 


157.0 


SMM IB 


13.6 


10.3 


13.6 


SMM IC 


22.4 


16.6 


33.2 


SMM 2 


12.2 


9.5 


6.8 


850 Mm 


SMM lA 


53.2 


24.0 


14.4 


SMM IB 


16.1 


11.4 


1.4 


SMM IC 


22.2 


23.8 


4.0 


SMM 2 


20.8 


16.2 


1.9 



deconvolved FWHMs at 450 and 850 fj,m are consistent for 
each source. 

4 DISCUSSION 
4.1 SMM 1 

The source SMM 1 is the brightest source in the map, and 
as discussed above, appears to be composed of three objects. 
Observations at different wavelengths of the vicinity of this 
source have revealed a number of different objects, the na- 
ture of which has been the subject of much debate. Figure|21 
shows the 450 fim jiggle-map data of SMM 1. The positions 
of other sources from the literature are marked. 

In the environs of SMM 1 lies the IRS 7 source, 
which was first detect ed in the near infrared at A = 2^m 
jTavlor fc StorevI 1 9841. It was characterised as a very young 
star embedded in a warm dust shell. VLA observation s of the 
regio n revealed two centimetre sources close to IRS 7 iBrowrJ 
|l983). The two cm sources are approximately equi-distant 
from the IRS 7 infrared source, and were interpreted as aris- 
ing from the interaction between a stellar wind from IRS 7 
and a thick accretion disk. The two cm sources (VLA lOA 
and VLA lOB) are labelled on Figur e El Also show n is the 
position of t he nearby so urce VLA 9 jBrowDlll987t) . 

Wilking et alj (|I997D observed the region at 10 fj,m us- 
ing the TIMMI camera at the ESO 3.6 m telescope. They 
discovered a 10 fim source which is labelled in Figure El as 
TIMMI. T his source lies much closer to VLA lOA than to 
VLA lOB. IWilking et alj claim that the near infrared de- 
tection at the original position of IRS 7 is most likely to 
be reflection nebulosity, and they therefore refute the con- 
clusion about the relat ionship betwe en IRS 7, VLA lOA 
and VLA lOB made bv iBrowiil (Il987l'l . Instead, they claim 
that VLA lOA and the TIMMI are the same deeply em- 
bedded protostar, while they state that VLA lOB is of an 
unknown nature. Our source SMM IC is coincident with 
the VLA lOA/TIMM I object. We therefore concur with 
IWilking et all ^1997^ that VLA lOA/TIMMI/SMM IC is 
a deeply embedded protostar. We also note that our source 
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Figure 3. The immediate vicinity of SMM 1 at 450 fim. The 
contour levels are at 5cr, lOtr, 15(T, 20o", 25a" and 30it, where a 
is equal to 0.76 Jy/beam. The positions RCrA and TCrA are 
marked with filled stars. In addition, the positions of other sources 
from the literature are marked with open stars as follows : IRS 7 
iTavlor fc Storevlll984) . VLA 9 , VLA lOA, VLA l OB iBrownl 
Il987t). WMB 55 and TIMMI fWi lking et ai^ll997^ . MMS 13 
iChini et aPtoSl) is marked with a cros s equal in size to the 
HWHM of the 1.2 mm data of Chinl_ela lJ VLA lOA an d TIMMI 
are claimed to be the same source IWilking et al.lll997ll . 

SMM IC is extended in the direction of VLA 9. It is there- 
fore possibly a composite of these two objects. 

SMM IB is coincident with VLA lOB. We conclude 
that SMM IB is most likely to be a Cl ass protostar 
iAndre. Ward- Thompson, fc Barsonvl Il993ll . This conclu- 
sion is based on the object's large submillimetre flux den- 
sity, which traces a concentration of gas and dust, and the 
cm emission from VLA lOB, which reveals the presence of a 
protostellar object, embedded at the centre of the core. In 
addition, there have been no near or mid-infrared sources de- 
tected, which would indicate the presence of a more evolved 
protostar. This conclusion could be confirmed by the detec- 
tion of a coUimated outflow, centred on SMM IB. 

This is the first resolved detection of the dust contin- 
uum radiation from this protostar. Previous studies have 
led to the identification a Class pro tostar in this region 
iSaraceno et al.ll99eJ : IChini et all2003ll , but have lacked the 
spatial resolution to disentangle the emission from the pro- 
tostar from that of nearby sources. 

We have compared our 450 and 850 ^im data 
to 200 /xm data taken with the ISOPHOT camera 
jLemke et all Il99d) on-board th e Infrared Space Obser- 
vatory (ISO) iKessier et al.lll996h . The observations were 
made using the over-sampled mappingj mode PIIT32 - cf. 
'Ward- Thompson. Andr e, fc KirkI ^2002^ . For more details, 
sec L aureiis et al.. 1.200 3 j). The data were obtained through 
the ISO data archive flCessler et al.lll996ll . 

At a wavelength of 200 /im, ISO has an angular reso- 
lution of 84 arcsec. The sources SMM 1, 2 and 3 are there- 
fore unresolved in the ISO beam. In order to compare the 
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Figure 4. The spectral energy distribution for SMM 1, 2 and 3. 
Error bars of 30% at 200 /^m, 30% at 450 ^lm and 10% at 850 ^lm 
are plotted. The best fitting greybody curves for 11, 12 and 15 K 
are also plotted, see text for discussion. 



Table 4. The flux density of SMM 1, 2 and 3 at 200, 450 and 
850 fim, measured in an aperture of diameter 160 arcsec 



Instrument 


Wavelength 


Flux Density 






(Jy) 


ISOPHOT 


200 


675 


SCUBA 


450 


407 


SCUBA 


850 


29 



SCUBA data with the 200 ISOPHOT data, the SCUBA 
data were smoothed to the same resolution as the ISOPHOT 
data. The integrated flux density was then measured for each 
map in an aperture of diameter 160 arcsec. This aperture en- 
compasses SMM 1, 2 and 3. The flux densities at 200, 450 
and 850 /im listed in Table 2] The spectral energy distribu- 
tion (SED) based on these data is plotted in Figure 0] The 
data are plotted with error bars of 30% at 200 ^m, 30% at 
450 and 10% at 850 fim. 

Figure|3]also shows a number of modified blackbody or 
greybody curves of the form: 



(1) 



where is the flux density at frequency ly, Bv,t is the 
Planck function at frequency v and temperature T, SI is the 
solid angle subtended by the source and is the optical 
depth at frequency v which is given by Tv oc . 

The parameter space of EquationQwas explored to de- 
termine the range of temperatures that will give acceptable 
fits to the measured flux densities at the three wavelengths. 
The small number of points in the SED mean that the pa- 
rameters of the greybody cannot be uniquely determined. 

The temperature can be constrained be restricting the 
solid angle fl. A lower limit for the radius of Q was set by 
the measured source HWHM, which after deconvolving the 
telescope beam, is equal to 20 arcsec. This sets an upper 
limit of 15 K for the temperature of a greybody that gives 
an acceptable fit to the data. If a conservative upper limit 
for the radius of Q of twice the measured source HWHM 



Table 5. The parameters of the three greybody fits shown in 
Figure |4] Column 2 gives the radius of the solid angle. Column 
4 gives the critical wavelength where the optical depth is equal 
to 1. 



Temp 


n 


/3 


Ac 


(K) 


(arcsec) 




(/im) 


11 


40 


3.4 


240 


12 


30 


3.3 


265 


15 


20 


2.5 


223 



is imposed, then a lower limit of 11 K is set for the tem- 
perature. The best fitting grey-body within this range has 
a temperature of 12 K. 

Greybody fits for the two extremes of this temperature 
range are shown in Figure|l] along with the best fitted grey- 
body. The parameters of these fits are given in Table |S| We 
use this temperature range when determining the envelope 
mass from the 850 nm flux density. This is given in Table |S| 

The SED fltting is based on the combined data of 
SMM 1, 2 and 3. However at both 450 and 850 ^m, > 70% of 
the flux density originates from SMM lA. We therefore be- 
lieve that the temperature obtained in this manner is indica- 
tive of the temperature of this source. As discussed above, 
we believe sources SMM IB and IC to be protostellar in na- 
ture and therefore ass ume a canonical temperature of 30 K 
for th ese sources (e.g. lAndre. Ward- Thompson, fc Barsonvl 



In Table |S| we summarise the results and give mass es- 
timates of the prestellar cores and protostellar envelopes for 
all of our detected sources. The envelope mass M is calcu- 
lated using the following: 



M 



850, T 



(2) 



where Sgso is the 850 fim flux density, D is the distance to 
the source, Kgso is the mass opacity of the gas and dust, and 
Bsso.T is the Planck function at temperature T. We follow 
lAndre. Ward- Thompson. &: Mo tte ( 199^ who use a 1.3 mm 
mass opacity of .005 cm'^g"^ whic h assumes a gas to dust 
ratio of 100 (e.g. lHildebraJidlll983l) . We scale this value to 
850 /im using the canonical value of (3 of 1.5, which yields 
a value of ksso of 0.01 c m^g~^. We do this to be consistent 
with previous work (e .g. lAndre, Ward-Thompso n, fc Mott3 
'199^ IWard- Thompson. Motte. fc Andrd llS)9l iKirk et alJ 
i2005fl . However, we note that for SMM 1, we have measured 
a /3 of 2.5 — 3.5. This would decrease the measured masses 
for the components of SMM 1 quoted in Table |H] by ~ 2. 
We note that we have been unable to accurately determine 

f3 for the other sources. 

The 1.2 mm continuum map of IChini et alJ (|200^ 
shows a similar morphology to our SC UBA data, featur- 
ing a strong peak — named MMS 13 bv lChini et al.l — be- 
tween RCrA and TCrA. The position of MMS 13 is marked 
on Figure |3 The position and morphology of MMS 13 is 
very similar to that of SMM 1 in both the 450 and 850 /im 
SCU BA data, wh en they are smoothed to 24 arcsec resolu- 
tion. IChini et alj conclude that MMS 13 may be a deeply 
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Table 6. The prestellar core and protostellar envelope masses for the SC UBA detections in the RCrA map (see text f or details). 
Refer e nces in co l umn 5 are:^Chill i ct al. 2003; ^ Brown 1987; "W ilking et al.il 997: ''Taylor & St orey. 1984: - Strom. Strom, fc Grasdaler] 
119741: 4JotI|194,4 lOlofsson et al.irr99Ht ^Wilking et al.lll992l: teerbig fc Kameswara R.adll97a 



Source 


Assumed 


Class 


Envelope Mass 


Associations 


Name 


Temperature (K) 




(M©) 




SMM lA 


11 - 15 


Pre 


6.4 - 11.2 


MMS 13^ 


SMM IB 


30 





0.2 


VLA 10B2 


SMM IC 


30 


I 


0.6 


VLA 10A2, TIMMI3 


SMM 2 


30 


I 


0.3 


WMB 55!'=^ 


SMM 3 


30 


I 


0.3 


IRS 1-*, HHIOO IRS^, VLA 3^ 


SMM 4 


30 


I 


0.3 


IRS 5-*, MMS 10^, VLA 7^ 


SMM 5 


30 


I 


0.3 


IRS 2*, MMS 9I 


SMM 6 


10 - 15 


Pre 


0.9 - 1.9 


MMS 10^ 


SMM 7 


30 


II 


0.1 


SCrA», MMS l\ ISO-CrA-116'' 


SMM 8 


30 


I 


0.2 


IRAS 18595-3712^, MMS 23\ IRAS 32c« 


SMM 9 


30 


I 


0.2 


VVCrA^, MMS 24^ 



embedded Class source, or possibly a proto-Herbig-Ae/Be 
star. 

Our higher resolution data show that MMS 13 is a com- 
posite of SMM lA, IB and IC. As discussed above, we agree 
that SMM IB and IC are probably protostellar. However, 
we believe that SMM lA may be prestellar in nature, due to 
the lack of a detection of a centimetre source coincident with 
SMM lA, and the low temperature obtained from the SED 
fitting. The low temperature indicates the lack of a central 
heating source. 

To summarise, we believe that there are at least three 
sources in the immediate vicinity of IRS 7. The cm source 
VLA lOA is the least embedded, and is the only source vis- 
ible in the infrared. The extended envelope that is detected 
in the submillimetre, together with the presence of a mid- 
infrared source, leads us to believe that SMM lA is probably 
a Class I object. VLA lOB has only been detected and re- 
solved from nearby sources at cm wavelengths y3rown 1 987.) 
and in our SCUBA data (SMM IB). This object is probably 
a Class protostar, as discussed above. The third source 
(SM M lA) is only det ected in the submillimetre and at 1.2 
mm JChini et al.ll2003h . and we believe it to be prestellar in 
nature. 



4.2 Other Sources 

The majority of the other submillimetre sources in the region 
correspond to known youn g stellar object s (YSO s). SMM 2 
was detected at 2 /xm bv IWilking et aP il997ft though it 
was not identified as an association member. It is also seen 
as a shoulder on the side of MMS 13 in the 1.2 mm map of 
|Chini et al. (2003), who suggested that it is a Class I object. 
SMM 2 is shown in Figure|2Ia) and (c), and also in Figure|H] 
labelled as 'WMB 55'. We have too few data-points to con- 
strain the SED for this source, therefor e cannot determine 
the dust temperature. We concur with I Chini et al.l ll2003ll 
that the source is probably a Class I protostar and therefore 
use a canonical dust temperature of 30 K to determine the 
envelope mass (see Table [HI . 

SMM 3 correspon ds to the Coronet member IRS 1 
jTavlor fc Storevll984ll . which is also known as HHIOO IRS. 



This is the driving source of the H erbig-Haro object HHIOO 
iStrom. S^wn. fc Grasdalen||l9 74ll. which was first discov- 
ered bv lstrom. Grasdal en. fc StromI il974l) . It has al so been 
detected at a wavelength of 6 cm (source VLA 3 of iBrownl 
Il987t) . This source is seen as a shoulder on the side of 
MMS 13, though it is not resolved in the 1.2 mm data 
JChini et al.1 12003'1. HH IOO IRS has a rising SED between 
2 and 25 pnilTavlor fc Storevl ll984: Wilking c t aL 1 99 j), 
indicating that it is a Class I protostar iLadalll987f) . We 
therefore assume a dust temperature of 30 K when calculat- 
ing the envelope mass. This is quoted in Table |S| 

The source SMM 4 is found in the filament stretching 
from SMM 1 to the north-west, and is notably extended in 
the 14-arcsec JCM T beam. SMM 4 coincid es with the Coro- 
net member IRS 5 llTavlor fc Storevlll984 | ). It has also bee n 
detected at 1.2 mm (labelled M MS 12 bylChini et al]l2003f) . 
and at 6 cm (labelled VLA 7 bv lBrown|[l987l). SMM 4 was 
not d etected in the IRAS survey of the region llWilking et alJ 
Il992h . Consequently the mid- infrared slope of its SED is 
not known. Thus, the submillimetre and millimetre data do 
not constrain the dust temperature. Its evolutionary sta- 
tus is therefore unclear. Based on an interpolation between 
the near-infrared and submillimetre fiux densities, we assign 
this source as a Class I protostar, and therefore assume a 
temperature of 30 K. 

SMM 5 coincides with the Coronet member IRS 2 
jTavlor fc Storevll984l:IWilking et alll997^ . This source has 
been detected at 1.2 mm (labelled MMS 9 by IChini et alJ 
l2003h . Mid- infrared observations show that it has a rising 
SED to longer wavelengths ( Wi lking et al...l992'l , indicating 
that this is a Class I protostar. 

SMM 6 is the least centrally condensed source in our 
maps. The only other detection of this s ource is at 1. 2 mm 
(labelled MMS 10 bv lChini et 311120031) . Ichini et alJ claim 
that MMS 10 is probably a deeply embedded protostar. We 
argue that there is no indication of an embedded protostar 
(e.g. infrared or cm source), and therefore hypothesise that 
the object is prestellar in nature. The millimetre and sub- 
millimetre data do not constrain the temperature of this 
object. Therefore we calculate the dust mass for a tern- 



8 Nutter, Ward-Thompson & Andre 



perature range of 10-15 K (typical fo r prestellar cores - 
IWard- Thompson. Andre, fc Kirklliooil . 

SMM 7 corresponds to the T-Tauri star S CrA Jjovl 

Il945^. It is a strong source at miU imetre wavelengths 
jReipurth erallll993l: IChini et alJbOOaTl and is the driving 
source of the Herbig-Haro object HH 82 iStrom et al.ll983l . 
It is known to be a visual binary with a separation of 1.4 
arcsec. It has been detecte d in the near and mid-infrared 
jWilking et al.lll992: Olofsson et alj[r99a') . The slope of its 
SED between 2 and 25 /im indicates that it is a Class II YSO. 
The envelope dust te mperature for Cla ss II sources is gener- 
ally taken to be 30 K jAndre fc Montm crlc 1994). This tem- 
perature is c onsistent with greyb ody fits (Equation^ to the 
far-infrared (|Wilkin^e^L|jW9^ submillimetre (this study) 
and millimetre lchin^^Lll2003h flux densities. These data 
constrain the temperature to between 30 and 40 K. Its mass 
is quoted in Table |S] under the assumption of a temperature 
of 30 K. 

SMM 8 coincides with the source IRAS 18595-3712, 
which has also been detected in the near and mid-infrared 
JWilking et al .''l992': 'Olofsson e t aI]ll999^ . and at millime- 
tre wavelengths (Chini ot al. 2 00^ . It has the mid-infrared 
SED of a Class I protos tar. We therefore ass ume a dust tem- 
perature of 30 K (.Andre fc Montmerlell99i) . As for SMM 7, 
this temperature is consistent with greybody fits to the far- 
infrared, submillimetre and millimetre data. 

SMM 9 corresponds t o the double star VV CrA 
iHerbig fc Kameswara Raol ^^2)5 both components o f 
which display T-Tauri behaviour jPrato fc SimonI Il997l) . 
The slope of its mid-infrared SED is approximately flat, 
possibly indicating a YSO with an active or flared disk 
iAdams. Shu, fc Ladal 11988.). The measured flux densit y 
from this source in the far-infrared iWilking et al.lll99: 
submillimetre (this study) and millimetre JChini et all200: 



can be fitted with greybody curves corresponding to a tem- 
perature range of 25 — 40 K. We therefore use the canonical 
30 K when calculating the envelope mass for this source. 



5 CONCLUSIONS 

We have mapped the R Coronae Australis molecular cloud 
at 450 and 850 /im, and have compared these data to previ- 
ous surveys of the region made at infrared, millimetre and 
centimetre wavelengths. We have discovered a new Class 
object. This object is associated with a cm source which was 
previously of an unknown nature. The protostar is separated 
by 0.01 pc from a second source that we hypothesise to be 
prestellar in nature. In addition, we have determined the 
envelope masses of a number of previously identified YSOs 
and identified one further prestellar core. 



ACKNOWLEDGMENTS 

The authors would like to thank the staff of the JCMT for 
assistance with the observations. The JCMT is operated by 
the Joint Astronomy Centre, Hawaii, on behalf of the UK 
PPARC, the Netherlands NWO, and the Canadian NRC. 
DJN acknowledges PPARC for PDRA support. 



REFERENCES 

Adams F. C, Shu F. H., Lada C. J., 1988, ApJ, 326, 865 
Andre P., Montmerle T., 1994, ApJ, 420, 837 
Andre P., Ward-Thompson D., Barsony M., 1993, ApJ, 
406, 122 

Andre P., Ward- Thompson D., Barsony M., 2000, in Man- 
nings v.. Boss A., Russell S. S., eds, Protostars and Plan- 
ets IV. Univ. Arizona Press, p. 59 

Andre P., Ward- Thompson D., Motte F., 1996, AfcA, 314, 
625 

Archibald E. N., et al., 2002, MNRAS, 336,1 

Brown A., 1987, ApJ, 322, L31 

Chini R. et al., 2003, AfcA, 409, 235 

Choi M., Tatematsu K., 2004, ApJ, 600, L55 

Emerson D. T., 1995, in ASP Conf. Ser. 75, Multifeed Sys- 
tems for Radio Telescopes, ed. D. T. Emerson fc J. M. 
Payne (San Francisco: ASP), 309 

Grey N., Taylor M., Privett C, 2000, Starlink User Note 
180, Starlink Project, CCLRC 

Harju J., Haikala L. K., Mattila K., Mauersberger R., 
Booth R. S., Nordh H. L., 1993, AfcA, 278, 569 

Herbig G. H., Kameswara Rao N., 1972, ApJ, 174, 401 

Hildebrand R. H., 1983, QJRAS, 24, 267 

Jenness T., Lightfoot J.F., 2000, Starlink User Note 216, 
Starlink Project, CCLRC 

Joy A. H., 1945, ApJ, 102, 168 

Kessler M. F., et al., 1996, AfcA, 315, L27 

Kirk J. M., Ward-Thompson D., Andre P., 2005, MNRAS, 
in press 

Knude J., Hog E.,1998,ApJ,338,897 
Lada C. J., 1987, lAUS, 115, 1 

Laureijs R. J. et al., 2003, The ISO handbook Volume IV 

- The Imaging Photo-Polarimeter 
Lemke D., et al., 1996, AfcA, 315, L64 
Marraco H. G, Rydgren A. E., 1981, AJ, 86, 62 
Olofsson G, et al., 1999, AfcA, 350, 883 
Prato L., Simon M., 1997, ApJ, 474, 455 
Reipurth B., Chini R., Krugel E., Kreysa E., Sievers A., 

1993, AfcA, 273, 221 

Saraceno P., Andre P., Ceccarelli C, Griffin M., Molinari 

S., 1996, AfcA, 309, 827 
Strom K. M., Strom S. E., Grasdalen G. L., 1974, ApJ, 

187, 83 

Strom K. M., Strom S. E., Wolff S. C, Morgan J., Wenz 

M., 1986, ApJS, 62, 39 
Strom S. E., Grasdalen G. L., Strom K. M., 1974, ApJ, 

191, 111 

Suters M., Stewart R. T., Brown A., Zealey W., 1996, AJ, 
111, 320 

Taylor K. N. R., Storey J. W. V., 1984, MNRAS, 209, 5P 
Vrba F. J., Strom S. E., Strom K. M., 1976, AJ, 81, 317 
Ward- Thompson D., Scott P. F., Hills R. E., Andre P., 

1994, MNRAS, 268, 276 

Ward- Thompson D., Motte F., Andre P., 1999, MNRAS, 
305, 143 

Ward- Thompson D., Andre P., Kirk J. M., 2002, MNRAS, 
329, 257 

Wilking B. A., Greene T. P., Lada C. J., Meyer M. R., 

Young E. T., 1992, ApJ, 397, 520 
Wilking B. A., Lada C. J., Young E. T., 1989, ApJ, 340, 

823 



The prestellar and protostellar population of R Coronae Australis 9 



Wilking B. A., McCaughrean M. J., Burton M. G., Giblin 
T., Rayner J. T., Zinnecker H., 1997, AJ, 114, 2029 



